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tinuous distance leading at least through the polymeric material permeable to the active substance. 

The article according to this invention is a hollow article made of a combination of biodegradable polymers, 
in which article the hollow space may contain a pure active substance, a dilute form or a dispersion of this 
substance in a matrix and the ends, edges etc. of the article are closed. 

The biodegradable polymers to be used for the hollow article may be polyesters such as polylactic acid, 
polygiycolic acid, poly(e-caproiactone), poly(p-hydroxybutyric acid), poly(hydroxyvalerate), poiy(orthoesters)! 
poly(a-amino acids), including esters of polyglutamic acid and finally polydepsipeptides, polyanhydrides and 
polyphosphazenes. Moreover, all the {copolymers derived from the above polymers may be used, including 
block copolymers and stereo complexes of polymers formed from optically active monomers from the above 
groups. 

When the article according to this invention is used subdermally,.use is preferably made of (co)polymers 
that are properly degradable and do not give body-foreign products and/or toxic by-products after or during 
degradation. Examples thereof are polylactic acid, poly(p-hydroxybutyric acid), poly(e-caprolactone), poly(a- 
amino acids) as well as derived (co)polymers. 

The hollow articles used may have such shapes and such sizes that in human use they can be applied 
subdermally without problems in accordance with generally accepted guidelines. Consequently, the articles 
made according to this invention may be injectable so that a surgery need not take place. Because the articles 
according to the invention preferably have a length up to 5 cm, they can be easily traced. When used veteri- 
narily, the sizes of the article may be considerably larger. 

In the hollow space of the articles various active substances can be used, such as medicines, hormones 
and related products. When inserted, the articles according to the invention deliver the active substance to 
the body for a certain period of time which may vary, e.g., from 1 week to some years. According to this invention 
the delivery period and the delivery rate of the active substance used can be easily adjusted by adaptation to 
the structure of the article. 

The biodegradable article according to this invention charged with active substance can be used in agri- 
culture and horticulture, in which insecticides, feromones, repellants, and related products may be used as the 
active substances. 

The hollow articles used according to this invention consist of a combination of two or more polymeric ma- 
terials having different permeabilities to the active substance. For the purpose of illustration a combination of 
two polymers will be described hereinbelow. Moreover, by way of example in this specification, the article for 
the controlled delivery will have the form of a hollow tube . Thus starting from a combination of two polymers, 
a first polymer will have to show a relatively high permeability to the active substance, while the second polymer 
has a relatively low to very low permeability to the active substance. 

The hollow tubes used according to the invention may be made by means of the following techniques: 

a) coextrusion of the two polymers in the melt, 

b) melt extrusion of one of the two polymers followed by dipcoating with a solution of the other polymeric 
material from a suitable solution, 

c) successive dipcoating with two solutions of the polymers. 

Toja). In case of coextrusion two molten polymeric materials are simultaneously pressed through an in- 
jection moulding nozzle via separated feeding systems. This injection moulding nozzle consists of two or 
more composed ducts or openings. The interior of the inner duct is a hollow needle through which inert 
gas can be injected via a separated feeding system. By selecting such a suitable construction of the in- 
jection moulding nozzle, hollow tubes can be formed having compact walls. The wall is made of a compo- 
sition of the different polymeric materials. Figs, la and b, 2, and 3a and b schematically show examples of 
the structure of the cross-section of different types of hollow tubes. 

Figs. 1a and b show how a polymeric layer poorly permeable to the active substance partially covers 
the interior or the exterior of the highly permeable layer. By varying the surface coated with poorly per- 
meable polymer the rate of delivery of the active substance can be adjusted. 

Fig. 2 schematically shows another cross-section of a hollow tube of a polymer substantially imperme- 
able or poorly permeable to the active substance, in which a portion of the wall is replaced by a polymer 
permeable to the active substance. By varying the surface ratio of permeable/poorly permeable polymer 
the rate of delivery can be adjusted. 

Figs. 3a, b finally show a schematic cross-section of a hollow tube having a wall consisting of a com- 
position of more than two layers permeable and poorly permeable to the active substance. By thus forming 
the structure of the wall of the hollow tube not only the availabe surface through which delivery of the 
active substance may occur, but also the distance over which the active substance must diffuse through 
the permeable layer is considerably extended. This may provide an additional possibility of controlling the 
• level of delivery of the active substance. 
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DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

s hollow tube hollow tube hollow 

tube 

uncoated compl . coated 4/5 

coated 

10 delivery 21.5 ± 2.0 0.1 ± 0.03 4.810.5 

[Jig/cm tube. day] 
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Example II 

PREPARATION OF ARTICLE 



Poly-£-caprolactone (Mv 50,000) was extruded at 70°C to form a tube having an external diameter of 1.5 
mm and a wall thickness of 140 urn. By means of dipping into a 5 wt.% polymer solution of poly-L-lactic acid 

20 (Mv 130,000) in dioxane and subsequent evaporation of the solvent, samples having a length of 40 mm were 
provided exteriorly at room temperature with a poly-L-lactic acid coating having a thickness of 20 >im. Then 
1/5 of the poly-L-lactic acid coating was removed by cutting (a schematic cross-section is shown in Fig. 1a). 
For the delivery tests there were also made a hollow tube of poly-e-caprolactone uncoated with poly-L-lactic 
acid and a hollow tube of poly-e-caprolactone completely coated with poly-L-lactic acid. Solvent residues were 

25 removed by an extensive flushing and drying procedure. 
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DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

tube 

uncoated compl. coated 4/5 

coated 

delivery 2 3.0 ± 3.1 0.05 ± 0.01 5.0 ± 0.6 

[jig/cm tube. day] 



Example HI 



45 



50 



55 



PREPARATION OF ARTICLE 

A Teflon rod having a diameter of 1 mm was dipped at room temperature into a 10 wt.% polymer solution 
of poly-L-lactic acid (Mv 50,000) in dioxane. After evaporation of the solvent, 1/4 of the polymeric layer was 
removed, followed by dipping into a 1 0 wt.% solution of poly-£-caprolactone (Mv 50,000) in dioxane. After evap- 
oration the rod was dipped once more into the solution of poly-L-lactic acid in dioxane. After evaporation, 1/4 
was again removed from the exterior layer of poly-L-lactic acid. Fig. 3a shows a schematic cross-section of 
the hollow tube after removal from the Teflon rod. The thickness of the different layers was about 30 jim. The 
outside diameter of the hollow tube was 1.1 mm. Similarly, a hollow tube was made without a third layer of 
poly-L-lactic acid. Solvent residues were removed by an extensive flushing and drying procedure. 

DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

2-layered article 3-layered 

article delivery 31.5 ± 4.2 • 1.5 ± 0 . 03 
[fig/cm tube. day] 



Fig. 2 shows a tubular structure in which the wall portion 1 formed from relatively poorly permeable poly- 
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5. 



ly permeable to the active substance and h 5 " ^ ^k^' iS 

An article as claimed in claim 1, characterized in that the ar«c,e may have different geometric forms. 

:~c~ 

position to form the wall of the arbde e '° P,n9 eaCh ° thef in partiallv overlapping 

7. An article as claimed in claims 1-6. characterized in that the active substances are pharmaca. 

- An article as claimed in claim 6. characterized in that the active substances are cytostatics. 

• An article as claimed in claims 1-6. characterized in that the active substances are hormones. 

0. An article as claimed in claims 1-6. characterized in that the active substances are peptides. 

tzzitT:*:;^. 1 - 6 - charact9ri - d in that *° ^ herb , 
J -~m^rhets 

length is 4 cm and for vetennary application the outside diameter of the > 
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hollow tube is 3 mm and the length is 5 cm. 

14. An article as claimed in claims 1-13, characterized in that the difference in permeability to the active 
substance is affectable within the employed combination of the at least two polymeric materials by ad- 
justment of the mutual relative porosity of the at least two polymeric materials. 



Patentanspruche 

1 . Artikel zur geregelten Abgabe einer aktiven Substanz, weicher einen vollstandig durch eine Wand einge- 
schlossenen und ganz Oder teiiweise mit einer odermehreren aktiven Substanzen gefullten Hohlraum ent- 
halt, wobei die Wand unter Verwendung eines biologisch abbaubaren, polymeren, fur die aktive Substanz 
durchlassigen Materials hergestellt ist, dadurch gekennzeichnet, dass die Wand hauptsachlich aus einer 
Kombination von mindestens zwei verschiedenen polymeren Materialien besteht, von denen ein polyme- 
res Material fur die aktive Substanz durchlassig ist und abbaubar ist und das andere poiymere Material 
fur die aktive Substanz verhaltnismassig schlecht durchlassig ist und abbaubar ist, und der Befdrderungs- 
weg fur die Abgabe der aktiven Substanz aus dem Hohlraum an die Umgebung des Artikels eine konti- 
nuierliche Strecke ist, welche mindestens durch das fur die aktive Substanz durchlassige poiymere Ma- 
terial fuhrt 

2. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass der Artikel verschiedene geometrische Formen 
aufweisen kann. 

3. Artikel nach den Anspruchen 1-2, dadurch gekennzeichnet, dass er geometrisch auf einem hohlen Rohr 
basiert, das gebiidet ist aus zwei polymeren Materialien, wobei das fur die aktive Substanz durchlassige 
Material und das verhaltnismassig schlecht durchlassige Material jedes einzeln zu einem Wandabschnitt 
geformt wird, welche Wanda bschnitte als zweilagiger Schichtstoff zusammengesetzt sind, wahrend sie 
einander in teiiweise uberlappender Stellung umgeben, urn die Wand des Artikels zu bilden. 

4. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass das fur die aktive Substanz durchlassige poiy- 
mere Material und das verhaltnismassig schlecht durchlassige poiymere Material zusammengesetzt sind 
urn die Wand des Artikels auf der Basis eines Schichtstof fes aus mehr als zwei Sch ichten zu bilden, welche 
jede fur sich aus einem der polymeren Materialien besteht, wobei diese Schichten einander in teiiweise 
uberlappender Stellung umgeben. 

5. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass die einzelnen Wandabschnitte des fur die aktive 
Substanz durchlassigen polymeren Materials und des fur die aktive Substanz verhaltnismassig schlecht 
durchlassigen Materials zu einer einschichtigen Wand zusammengesetzt sind. 

6. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass die Kombination von mindestens zwei verschie- 
denen polymeren Materialien ausgewahlt ist aus der Gruppe der biologisch abbaubaren Polymeren, be- 
stehend aus Polyestern, wie Polymilchsaure, Polyglykolsaure, Poly-(e-capralacton), Poly-(0- 
hydroxybuttersaure), Poly-(hydroxyvaleriat), Poly-(orthoester); Poly-(a-aminosaure), einschliesslich 
Ester von Polyglutaminsaure, Polydepsipeptide, Polyanhydride und Polyphosphazene und alle davon ab- 
geleiteten Poiymere, Co- oder Block-Copolymere und Stereo Kom pi exe von Polymeren, gebiidet aus op- 
tisch aktiven Monomeren aus den obigen Gruppen. 

7. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Arzneimittel 
sind. 

8. Artikel nach Anspruch 6, dadurch gekennzeichnet, dass die aktiven Substanzen Cytostatica sind. 

9. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Hormone sind. 

10. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Peptide sind. 

11. Artikel nach den Anspruchen 1 -6, dadurch gekennzeichnet, dass die aktiven Substanzen Insektizide, Her- 
bizide, Feromone oder Phobiermittel sind. 

1 2. Artikel nach den Anspruchen 3-11, dadurch gekennzeichnet, dass der aussere Durchmesser des hohlen 
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13. 



14. 



Rohres nichi mehr als 5 mm und die Lange nicht mehr als 10 cm betragt 

Artikel nachAnspruch 12. dadurch gekenn 2 eichnet. dass ffir die Anwendung beim Menschen deraussere 
der aussere Durchmesser des hohlen Rohres 3 mm und die Lange 5 cm betragt 

fT£^p^ SPraChe ' 1 1 * 13, dadUrCh 9 ekennzeich ^t. dass der Unterschied der Durchlassigkeit 
fur d,e aktive Substanz .nnerhalb der verwendeten (Combination von mindestens zwei o2ZZT££ 

b^sst^^ 



Revendications 



1. Un systeme permettant la liberation controlee d'une substance active, comprenant un esoace creux en 

iracterS e ce It t „ , "^l" 3 " P °' ymere biode 9 radable Permeable a la substance active 
caracte nse en ce que la paro. est composee principaleement d'une combinaison d'au moins deux mate 

dabl/p f6rentS ' d ° nt '' Un 6St U " mat6riau po, ^ ere permeab ' a a la substance ac ve e" 
dabie et I autre est un materiau polymere relativement peu permeable a la substance act* et dLtdT 
ble et en ce que la Iteration de la substance active depuis I'espace creux vers l'ext"ieur du tSZ « 

2 ' gtSqTs 8 ' 0 ' 1 13 reVendiCati ° n 1 • CaraCt ' riSe " 06 qUe ' e SySteme peut Rentes formes 

3 ' aeuxttme " reVe ; diCati0n 1 0U 2 ' « due la forme geometrique est celle d'un tube 

active e Z ItZ SJT T** ^ '* P °' ymere P6rm6able * la s 

de bTnSJ r ? P y relallver "ent peu permeable forment chacun individuellement une oartie 
de la paro,. lesquelles part,es de paroi forment un strafifie a base de deux couches s'enveloooant IW 
I autre dans une position de recouvrement parUel pour former ,a paroi du sySemT BnVe, ° Ppant 1 une 

4 ' tenrT^r ^ " revendication 3 ' o«ct*ri8« en ce que le materiau polymere permeable a la subs 
svl m 1 m ^ ri3U P °' ymere relativement Permeable sont associes pour former la aroi du" 
d'u des " " V™ 3 baSe dS P ' US de d6UX couches chacuna ind^iduellem3tlnt ^2 

ZSZtT P °' ym6reS ' ^ "™ *™ «« Posset 

5 ' „5' te Se '° n revendication 3 . caracterise en ce que les parties individuelles de paroi de materiau 

noLT P P P ' po 'y anh y drides et Polyphosphates et tous les polymeres en derive* les Z 
7. Un systeme selon ,a revendication 1 a 6, earache en ce que les substances actives sont des medica- 
8 ' tostSueT Se '° n ' a reVendicati0n 6 ' - ce que les substances actives sont des derives cy- 

9. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des hormones. 
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1 0. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des peptides. 

11. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des insecti- 
cides, des herbicides, des pheromones ou des insectifuges. 

12. Un systeme selon la revendication 3 a 11 , caracterise en ce que le diametre exterieur du tube creux n'est 
pas superieur a 5 mm et la longueur n'est pas superieure a 10 cm. 

13. Un systeme selon la revendication 12, caracterise en ce que, pour une application humaine, le diametre 
exterieur du tube creux est de 1,8 mm et la longueur est de 4 cm, et pour une application veterinaire, le 
diametre exterieur du tube creux est de 3 mm et la longueur est de 5 cm. 

14. Un systeme selon Tune des revendication 1 a 13, caracterise en ce que la difference de permeabiiite a 
regard de la substance active peut etre modif iee, pour la combinaison employee de materiaux polymexes, 
lorsqu'ils sont au moins au nombre ae deux, par ajustement de la porosite relative mutuelie desdits au 
moins deux materiaux polymeres. 
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FIG. 1a 



FIG. 1b" 




FIG. 2 





FIG. 3a 



FIG.3b 
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